Social learning theory postulates that self-efficacy is learned through the person's interaction with his/her physical and social environment. In this genetically informative, population-based, multi-informant study of 1,394 adolescent twin pairs, self-efficacy was modeled as one latent psychometric self-efficacy factor with genetic and environmental effects common to all informants, as well as for effects specific for each informant. The results showed that 75% of variation in self-efficacy was due to genetic factors. Non-shared environmental causes explained the remaining 25% of the variance in the latent factor, with no effect of common environment. Some informant-specific effects were also found. The present study challenges the theoretical assumption of learning as the dominant etiological factor behind self-efficacy in young people.
Although natural constituents of human life, people often find transitional phases between developmental stages challenging and stressful. Adolescence is characterized by change in personal and social as well as physical domains. The ways in which young people handle the developmental tasks inherent in this phase can be decisive for their further progress into adult life. Perceived self-efficacy has been proposed as one important personal characteristic influencing adaptation in youth (Caprara et al., 2010) .
Self-efficacy is about the ways in which people think about their abilities to accomplish goals and influence events with importance for their lives (Bandura, 1994) . A wide range of self-efficacy beliefs have been identified in relation to specific tasks or realms, such as cannabis refusal (Young et al., 2012) and safer sex (Widman et al., 2012) . However, various efficacy beliefs are often related within persons (Scholz et al., 2002) , and factor analyses of questionnaire data with children and young people have yielded support for a general self-efficacy factor (Pastorelli et al., 2001 ).
Empirical studies have found self-efficacy to be related to a series of important indicators of youth's adaptation. Thus, higher self-efficacy was negatively associated with weight/eating difficulties in adolescent girls (Steele et al., 2011) , and positively related to health self-care ability (Nouwen et al., 2009) , prosociality (Alessandri et al., 2009) , and academic achievement (Carroll et al., 2009 ). Further, self-efficacy seems to have a significant role as a moderator between putative risk factors and outcomes (Benight & Bandura, 2004; Farrell et al., 2010) , and as a mediating variable between several types of risk and mental and physical health outcomes in young people (Alvy et al., 2011) .
The concept of self-efficacy originates from social learning theory (Bandura, 1977) , based on which it has been postulated that people build their perception of self-efficacy on four sources of information: experience of own performance accomplishments; vicarious experiences of observing successful efforts made by others; verbal persuasion that one is capable of managing one's challenges; and internal physical arousal states that provide cues about one's personal level of anxiety and stress vulnerability. Thus, theoretically, self-efficacy is supposed to be learned through the individual's interaction with herself and her physical and social environment. However, there are some indications that there are also genetic influences behind individual differences in self-efficacy.
In a study focusing on the relationship between academic self-efficacy, IQ, and academic performance in 7-to 10-year-old twins, Greven et al. (2009) reported that around half of the variation in perceived academic selfefficacy was due to additive heritability factors. Bullers and Prescott (2001) found moderate genetic effects in a twin study of 'perceived control' among adult women, although the non-shared environmental effects explained the larger part of variation in their study. These are the only previous studies known to us that include information about genetic influences in perceived self-efficacy. Twin studies of conceptually related traits in adolescents, such as self-acceptance (Gigantesco et al., 2011) , trait resilience (Waaktaar & Torgersen, 2012b) , and executive self (Neiss et al., 2005) have reported moderate to high heritability estimates, indicating that adaptive characteristics may not be all environmental in their causal structure.
The aim of the present study was to investigate the relative contribution of genetic and environmental etiological sources in explaining variability of general self-efficacy in youths. Data was collected in a population-based survey of seven national Norwegian cohorts of monozygotic (MZ) and dizygotic (DZ) adolescent twins of both sexes reared together. A multi-informant (mothers, fathers, and twins' self-ratings) approach was chosen, which has the advantage of offering an error-free estimate of the relative impact of common etiological sources as well as to sources specific for each informant on the trait in focus (Bartels et al., 2007) . The primary hypothesis, based on heritability estimates reported in earlier studies on related constructs, was that perceived self-efficacy would be moderately heritable. Although there are reported differences in the amount of self-efficacy beliefs between the sexes (Choi, 2004) , no previous studies existed that could provide reasonable basis for formulating a hypothesis on the existence of sex differences in the sizes of genetic and environmental estimates on perceived self-efficacy.
Materials and Methods

Participants and Procedure
The sample consisted of 1,394 twin pairs (25.5% of total twin population in the relevant cohorts, 56.2% of available pairs) and parents who participated in the study based on a mailed invitation to seven full cohorts of twins born between 1988 and 1994. Twin status and addresses were provided by the national Norwegian Medical Birth Registry. Twins, mothers, and fathers answered paper-andpencil inventories that were returned by mail. For sample sizes for each zygosity group, see Table 1 . More details on sample characteristics, including study attrition and procedure, can be found in Waaktaar and Torgersen (2012b) . 
Measures
General self-efficacy. Self-efficacy was measured by means of the Children's Perceived Self-Efficacy Scale by Pastorelli et al. (2001) . The scale was translated into Norwegian language by the study researchers and later back-translated by a Norwegian/English bilingual psychologist. All items began with the sentence 'How well can you. . .' , and twins' self-rating forms and parental forms were identical except from the substitution of 'I' and 'me' in the twins' forms with 'The twin' and 'his/her' in the parental forms. In the present study, 12 items sampled from academic, social, and self-regulatory domains were employed. Items were scored on a 5-point scale (coded 0-4), from 'not at all well' to 'very well' , yielding a potential minimum score of 0 and maximum score of 48. General self-efficacy scores as assessed by each rater were generated as the sum scores of the 12 items. Final inter-item reliability Cronbach's alpha in the mothers' subscale scores was 0.86. The corresponding alpha coefficient of the fathers' scores was 0.86 and that for the twins' scores 0.79.
Zygosity.
Zygosity was determined through a combination of a questionnaire testing for twin physical similarity that was answered by the total sample, and DNA secured through cheek swabs from 15% of the sample (Waaktaar & Torgersen, 2012b) . Twins who were not tested on DNA were allocated to zygosity group by means of discriminant analysis of the questionnaire data from each twin, mother, and father. The misclassification following this procedure based on comparisons between DNA and the questionnaire data was estimated to be less than 2%.
Data Analyses
Data preparation. Because of significant effects of age and sex on the mean structure and negative skewness on several of the scales, data was residualized and square roottransformed prior to genetic analyses. Preliminary univariate analyses for each informant separately using a correlated factors model showed no deviation from the basic assumption of equality of means and variances across twins and zygosity groups in any of the informants' scores (results of data preparation analyses are available from the first author upon request). All data analyses were performed using the open source statistical software package R, version 2.14.1 (R Development Core Team, 2011). All genetic modeling analyses were performed using the OpenMx version 1.2.3 (Boker et al., 2011) , a package within the R software for fitting structural equation models to observed data.
Genetic modeling. The classic twin model rests on the assumption that while MZ twins share practically all their genetic makeup, DZ twins have on average 50% of their segregating genes in common. Thus, if variation in a certain phenotype were caused by the additive effect of several genes (A), then the correlation between DZ twins on that phenotype should be half the size of the MZ correlation. Phenotypic DZ correlations above half of MZ correlation must be caused by common environmental factors (C) acting to make the twins in the same family more similar on the specific trait. Any relative difference in correlation between DZ and MZ below 50% within this model would be attributed to the interactive effect of various genes (D) within a specific locus (dominance) or across different loci (episasis).
In the classic twin design the C and D are overlapping and thus are not testable within the same model. Moreover, any difference between MZ twins would either result from environmental factors affecting each twin separately (named non-shared environmental factors) (E) and/or measurement error. Whereas in the univariate case, the real nonshared effects cannot be separated from the measurement error, multivariate data allow for testing of models that yield error-free estimates of E (such as the multivariate psychometric model employed here; see below for more on this model). The validity of the twin model rests on two further assumptions: (1) no assortative mating for the phenotype measured; and (2) MZ and DZ twins are equally exposed to the relevant environmental stimuli for the trait studied. There is generally little empirical evidence of violations of these assumptions (Bulik et al., 2000; Neale et al., 1998) . The etiological structure behind the twin associations was analyzed using a biometrical modeling approach (Neale & Cardon, 1992) where covariances based on raw data are fitted to a structural equation model through maximum likelihood estimation (FIML). Alternative models were compared using the Akaike information criterion (AIC; Akaike, 1987) . This fit statistic takes into account the overall fit as well as the parsimony of the model, and lower numbers signify improved model fit.
Model fitting. The genetic models employed in the present study were all variants of the psychometric common factor model (Rijsdijk & Sham, 2002) . The full multivariate model with three informants is shown in Figure 1 .
The psychometric model assumes that variation in the informants' scores can be partitioned into a set of common A, C, and E sources explaining the variance of a common latent psychometric factor in addition to A, C, and E sources that are specific for each informant (Baker et al., 2007; Bartels et al., 2007) . Thus, this model assumes that not all variations between informants may be due to measurement error or rater bias, and allows for the possibility for mothers, fathers, and adolescents to provide substantive additional information about an adolescent's behavior. Several studies have demonstrated the relevance of such a model for characteristics of young people assessed by multiple raters (Scourfield et al., 2004; Waaktaar & Torgersen, 2012a ).
An important asset of the psychometric model is that the common psychometric factor will be unaffected by informant-specific bias and measurement error. Thus, the non-shared environmental pathway on the common factor includes only effective environmental influences that make the twins different from each other. Measurement error is, in this model, contained together with informant-specific environmental effects within the non-shared environmental pathways on the informant-specific self-efficacy factors (Neale & Cardon, 1992) . This implies that the common effects on the latent psychometric factor will provide highly reliable estimates of the effect of different etiological sources on perceived general self-efficacy in adolescents.
Results
Descriptive
Group means and standard deviations. Table 1 shows sample means and standard deviations of (unresidualized) scale scores by gender, zygosity groups, and informants. There were several significant differences between informants' scores in all zygosity groups, with higher scores generally endorsed by twins and mothers than by fathers, and with girls scoring higher on self-efficacy than boys.
Correlation structure. The correlation matrix in Table 2 gives the first impression of the genetic structure within the data. Correlations were generated through ML estimation, and were thus built on the same logic that constitutes the basis for the later twin models. The cross-twin withininformant MZ correlations (diagonal entries) were clearly exceeding those of the DZ group for all informants and both sexes, a pattern that was replicated in the cross-twin, crossinformant correlations (off diagonal entries). Thus, genetic effects were indicated both in the scores of each informant separately and in the associations between informants. The MZ/DZ correlation ratio was generally above 0.5, signifying the possibility of some shared environmental effects.
FIGURE 1
Full psychometric model. A = common additive genetic factor; a = informant-specific additive genetic factor; C = common shared environmental factor; c = informant-specific shared environmental factor; E = common non-shared environmental factor; e = informant-specific non-shared environmental factor. Subscripts: m = mothers' scores; f = fathers' scores; t = twins' self-ratings: 1 = twin 1; 2 = twin 2. Arrows marked 1.0 or 0.5/1.0 signify the twin correlations of DZ and MZ pairs, respectively, as assumed in the model. Note: * Best fitting model. A = common additive genetic factor; C = common shared environmental factor; E = common non-shared environmental factor; a = informant-specific additive genetic factor; c = informant-specific shared environmental factor; e = informant-specific non-shared environmental factor.
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Consequently, the ACE model would seem more adequate than the ADE model in the subsequent genetic modeling analyses. There were only minor differences in the size of the MZ/DZ ratio between correlations of the same-sex boys and the same-sex girls, and the correlations between the same-sex DZ twins were not of markedly smaller scale than correlations for opposite-sex DZ twins. Thus, based on the cursory view of the correlation matrix, any sex-specific effects were not likely to be of large scale. The cross-informant within-person correlations were in medium range, indicating informant-specific as well as common effects.
Multivariate model testing.
The full ACE psychometric model with heterogeneity (allowing for sex differences in the estimates) was chosen as the baseline model. Compared with the full model, the ACE model with no sex limitation did not result in significantly worse fit ( -2LL = 1.28, df = 15, p = 1). Hence, the psychometric ACE homogeneity model was chosen as a starting point for the subsequent testing of more stringent models. Results of these analyses are shown in Table 3 . In this series of submodel testing, each common and specific etiological factor was dropped individually and then together from the full ACE model. The results showed that the common C could be removed without any significant drop in fit compared to the full psychometric model. The psychometric ACE model with one common latent factor and no common C was also the most parsimonious model as judged by the lowest Akaike information criterion (AIC) value. Inspection of the path estimates within this model indicated very low values on specific A in the mothers' scores and specific C in the fathers' and twins' scores, and with confidence intervals including the value of zero. Further testing showed that these paths could be dropped without significant reduction of the fit as compared to the A c E c A s C s E s model ( -2LL = 2.29, df = 3, p = .51), leading us to the preferred model. Figure 2 shows the standardized and squared path estimates in the final model with confidence intervals. The results showed that general self-efficacy in youths as measured by three informants could be modeled by means of a common latent psychometric factor with a pronounced additive genetic component accounting for three-quarters of the common factor variance. The remaining one-quarter variance was attributable to (error-free) non-shared environmental effects. There was no shared environmental effect on the common factor in this model. The figure also shows that the effect of the common self-efficacy factor
FIGURE 2
Final model with standardized and squared path estimates with confidence intervals. Ac = common additive genetic factor; As = informant-specific additive genetic factor; Cc = common shared environmental factor; Cs = informant-specific shared environmental factor; Ec = common non-shared environmental factor; Es = informant-specific non-shared environmental factor. was largest on the mothers' ratings, and somewhat smaller in the scores of the fathers' and twins' self-ratings (arrows pointing from the common factor to each of the informants' observed scores). The informant-specific additive genetic effects were strongest in the fathers' scores, while these effects were non-significant in the mothers' scores. There was a small but significant shared environmental effect within the mothers' scores that was not replicated in the scores of other informants. The informant-specific environmental effects (including random measurement error) were strongest in the twins' scores. Table 4 presents the proportion of the variance in each informant's scores that was explained by common and raterspecific effects respectively.
As we can see in Table 4 , the strongest genetic effect was found in the fathers' scores, of which about half of the genetic effects were related to factors specific for the fathers' reports. The remaining variance in the fathers' scores was explained by non-shared environmental effects, with a relatively high proportion (compared with the mothers' and youths' scores) contained within the error-free common factor E. Genetic effects also explained the majority of the variance in the mothers' scores. This maternal-reported genetic variance was fully contained within the common factor A. A small, shared environmental effect was specific for the mothers' scores only. Somewhat above one-quarter of the variance in the mothers' scores was explained by nonshared environmental effects. Of these, about one-third was attributable to the error-free common factor E. The lowest total genetic effects were found in the twins' self-ratings, where genetic and non-shared environmental effects each accounted for about half of the variance. The majority of the effects in the twins' self-ratings were rater-specific. This was particularly pronounced for the non-shared environmental factors where only 10% of the effect was contained within the error-free, common-factor, non-shared environmental estimate.
Discussion
The aim of this multi-informant twin study was to provide reliable estimates of the relative effect of genetic and environmental causes of variation in general self-efficacy in young people. Biometric analyses were based on an ACE Note: Ac = common additive genetic factor; As = informant-specific additive genetic factor; Cc = common shared environmental factor; Cs = informant-specific shared environmental factor; Ec = common non-shared environmental factor; Es = informant-specific non-shared environmental factor.
common factors model approach, assuming that the covariation between different informants' scores for both sexes could be modeled as a latent psychometric general selfefficacy factor. Additive genetic and unique environmental factors were modeled to influence different informants' scores through the same mechanisms, but the model also allowed for additive genetic, shared, and non-shared environmental sources influencing each informant's scores specifically.
The results showed that additive genetic factors explained 75% of the variation in the common psychometric general self-efficacy factor. The remaining 25% of the variation in this factor was explained by unique, non-shared environmental effects. The impact of shared environmental sources on the common factor was non-significant. There were no significant sex differences in the estimates of the model. This is the first twin study to our knowledge to report heritability estimates of general self-efficacy in adolescents. The genetic effects found in the present study clearly exceed those reported in two related studies. Greven et al. (2009) reported heritability estimates of around 50%, based on selfratings of 'academic self-efficacy' in younger school children. A study on 'perceived control' in adult female twins by Bullers and Prescott (2001) yielded a heritability estimate of only about 16%. One likely explanation for the markedly higher heritability found in the present study is that it may be due to the advantage of the multi-rater design, which is able to produce more reliable estimates than those based on any one single rater. In fact, the genetic effect in our study when based only on the twins' self-ratings was comparable with those reported by Greven et al. (2009) . However, in our study, youths' self-ratings produced the lowest heritability estimates of all informants. Both parents' scores produced markedly higher estimates of heritability, with the fathers' scores being the highest (h 2 = 0.72). Thus, there is a reason to be cautious about basing heritability estimates on single raters.
The common shared environmental effects in the present study were non-significant. However, a shared environmental effect of 14% was specific for the mothers' scores. In the former studies by Greven et al. (2009) and Bullers and Prescott (2001) , common environmental sources also reached very low estimates (2-15%). This would indicate that there might be a weak, albeit significant, effect of shared environmental factors on self-efficacy, at least as detected by single informants. An alternative interpretation of this result in the mothers' scores could be some kind of rater bias acting on the mothers' scores to make DZ twins appear more alike. Because of the lack of any significant C in the scores of fathers and twins, testing of alternative rater bias models was not pursued.
The environmental effects on self-efficacy in the present study were primarily non-shared. The 25% non-shared effect on the latent self-efficacy factor implies that all environmental variations in the latent perceived general self-efficacy factor must have originated from sources that are unique for each twin within the same family (the error-free common E in the model). This is in accordance with what is found for the most complex human traits (Plomin et al., 2001) . Generally, such effects are supposed to consist of events such as illness or accidents affecting one twin and not the other, or friendships unique to each twin. Among potential familial environmental influences within the family, only those that in effect would make twins within the same family different from one another on general self-efficacy could be of relevance. The informant-specific non-shared environmental effect (11%, 17% and 48% for mothers, fathers and twins respectively) should be interpreted with care, as within these estimates are also contained any random measurement error. Thus, one could speculate whether the elevated specific E in the youths' self-ratings could contain some real -yet parentally unnoticed -element of differentiation going on between the twins. However, in the present model this effect could not be statistically separated from uncorrelated measurement error specific for the twins' scores, an effect that could plausibly be related to rater differences in maturity or motivation as compared with the parental scores.
Limitations
Some limitations should be kept in mind when evaluating the results of this study.
As noted by Turkheimer et al. (2005) , the twins rearedtogether design may overestimate the effect of genetic influences and underestimate shared environmental influences because variables measured on the family level are modeled to be equal for both twins and thus cannot be separated into genetic and environmental components. Employing an alternative design, namely that of adoptive siblings, Buchanan et al. (2009) found significant shared environmental effects on the variance in several behavioral domains in adolescents. Although the shared environmental effect was generally low to moderate and differed markedly between domains, such results are important reminders of the importance of validating conclusions from twin studies with results from other types of genetically informative studies.
A clear advantage of a register-based study is that the actual size of the total population in the target cohorts is known, and, depending on the type of the register used, that also some causes of attrition (death of informants, family moving abroad) might be identified. However, such studies typically end up with lower participation rates than studies where the actual population size and distribution can only be estimated based on other statistical data. We would consider the participation rate in the present study (onequarter of the total population and about one-half of the available families) to be in line with what is to be expected in a modern Western society sample where the consent and participation of several family members -including adolescents -is required. However, representativity of results in relation to risk of selective attrition certainly needs to be considered. As published in an earlier article based on the same sample (Waaktaar & Torgersen, 2012b) , a comparison between level of education in the participating families to age equivalent levels for women and men within the total population indicated a possible selection bias in the participating families based on socioeconomic indicators. Differential heritability estimates across socioeconomic groups have been reported in genetically informative studies (South & Krueger, 2011) as well as in groups with different exposure to various stressful conditions (Distel et al., 2011) . Thus, the possibility that this type of bias may have influenced the heritability estimates in the present study cannot be ruled out.
Measurement invariance may be an issue in studies where different groups are being compared on measures of complex traits. In fact, one type of measurement noninvariance is demonstrated in the multiple raters' scores in the present study, expressed through the differences in latent factor loadings between informants assessing twins' general self-efficacy. In twin studies, measurement noninvariance on item level between zygosity groups may impact the estimates in studies based on sum scores (Neale et al., 2005) . The problem of item-level non-invariance would be highest in the case of binary items. A full multivariate simultaneous analysis of measurement model and variance decomposition analytic approach would provide the most effective handling of the measurement invariance issue. There are indications from earlier studies on problem behaviors in young people that this kind of approach could yield even higher heritability estimates (van den Berg et al., 2007) . For the target phenotype of general selfefficacy, the usefulness of analyses at this level of precision is questionable.
Conclusion
General self-efficacy in adolescents was measured by three informants (mothers, fathers, and the twins' self-ratings) and modeled by means of a common latent factor, with common genetic, shared, and non-shared environmental factors affecting the latent factor and additional genetic and environmental factors affecting each informant's scores. The latent general self-efficacy factor was highly genetically determined, with additive genetic effects explaining threequarters of the variance and non-shared environmental explaining the remaining one-quarter of the common factor variance. There were no significant shared environmental factors in general self-efficacy on the common latent factor. Some additional informant-specific genetic, shared environmental, and non-shared environmental effects were also found.
This study seriously challenges the basic theoretical etiological assumption that self-efficacy is learned through people's interaction with the environment. The present results indicate that individual differences in self-efficacy are mainly caused by genetic effects. Our heritability estimates are clearly exceeding what former genetically informative studies based on one single informant have suggested, which demonstrates that a multiple rater approach is important in the search for the etiological basis of adaptive traits in young people.
